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Abstract
Uniform carbon@silica nanocables and silica nanotubes with well-controlled
inner diameters can be synthesized in an easy way by a sacrificial templating
method. This was performed using carbon nanofibres as hard templates that
were synthesized previously by a hydrothermal carbonization process. Silica
nanotubes with well-controlled inner diameters were synthesized from
carbon@silica core–shell nanostructures by removal of the core carbon
component. The inner diameters of the as-prepared silica nanotubes can be
well controlled from several nanometres to hundreds of nanometres by
adjusting the diameters of the carbon nanofibres. The silica nanotubes
synthesized by this method display strong photoluminescence in ultraviolet at
room temperature. Such uniform silica nanotubes might find potential
applications in many fields such as encapsulation, catalysis,
chemical/biological separation, and sensing.
1. Introduction
Fabrication of nanomaterials with a controllable size and
shape is of great scientific and technological interest [1]. In
recent years, silica nanotubes have received much attention
due to their wide application in many fields such as catalysis,
chemical/biological separation, and sensing. Many efforts
have been made to synthesize silica nanotubes. The sol–
gel method has been extensively used to synthesize silica gel
nanotubes [2, 3]. Most of these methods need soft templates [4]
or hard templates such as the reverse-microemulsion-mediated
sol–gel method [5], thermal oxidation-etching method [6, 7],
CVD [8], and hard templates such as AAO [3], MCM-
41 [9], silver nanowires [10], gold nanorods [11], InS [12],
ZnS [13], V3O7·H2O [14], carbon nanofibres [15] and ZnO
3 Author to whom any correspondence should be addressed.
nanowires [16]. Recently, we have developed a sacrificial
templating solution approach to synthesize Ag2SiO3/SiO2
composite nanotubes [17] templated from silver molybdate
nanowires [18]. By the sol–gel method, the thickness of the
silica shell could be controlled by tuning the concentration
of tetraethyl orthosilicate (TEOS) in solution and reaction
time [10, 14]. However, it is challenging work and a
careful synthetic strategy is still required to fabricate uniform
silica nanotubes on a large scale with well-controlled inner
diameters. To the best of our knowledge, there are few reports
about the synthesis of silica nanotubes with well-controlled
inner diameter in the range of several nanometres to hundreds
of nanometres that have been achieved so far.
More recently, we have developed an easy approach
to synthesize uniform Te@carbon nanocables and carbon
nanofibres with well-controlled diameters from several
nanometres to hundreds of nanometres [19] in the presence of
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Figure 1. (a) FESEM image of carbon nanofibres with 60 nm
diameter and tens of micrometres in length templated from
Te@carbon nanocables, which were obtained at 160 ◦C for 12 h via a
hydrothermal process. (b) TEM image of carbon nanofibres. (c) TEM
images of carbon@SiO2 core–shell nanocables obtained after the
reaction proceeded at room temperature for 8 h by a sol–gel method
and (d) a single carbon@SiO2 nanocable. (e) TEM images of silica
nanotubes obtained from carbon@SiO2 nanocables by removal of the
carbon core shown in figure 1(c), and (f) A single silica nanotube.
tellurium nanowires [20] and silver@carbon-riched composite
(carbon and cross-linked polyvinyl alcohol) core–shell sub-
microcables [21] by polymerization and carbonization of
glucose under the hydrothermal process.
In this paper, we demonstrate that uniform carbon@silica
nanocables and silica nanotubes with well-controlled inner
diameters can be synthesized in an easy way by a sacrificed
template method using carbon nanofibres as a hard template.
Silica nanotubes with well-controlled inner diameters were
synthesized from carbon@silica core–shell nanostructures by
removal of the core carbon component.
2. Experimental section
2.1. Preparation procedures of carbon nanofibres
All reagents are analytic grade and used without purification.
The synthesis of carbon nanofibres is carried out in a Teflon-
lined stainless steel autoclave. The synthesis method has been
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Figure 2. XRD patterns of the as-synthesized carbon@silica
nanocables (a) and silica nanotubes (b).
nanowires [20] in an autoclave were dispersed in 24 ml double
distilled water with vigorous magnetic stirring to form a dark
solution, 1.5 g glucose was added into the previous solution
and stirred for 15 min. The final solution was transferred to a
Teflon-lined stainless steel autoclave (30 ml in total volume)
and sealed and maintained at 160 ◦C for controlled reaction
time. The product was examined to be Te@carbon nanocables,
and the core of the product can be removed by treatment with
30 ml mixture aqueous solution of 2 ml hydrochloric acid
(36.5 wt%), 5 ml H2O2 (30 wt%) and 20 ml double distilled
water (HCl/H2O2:H2O = 2:5:20, v/v) at room temperature
for 12 h.
2.2. Synthesis of silica nanotubes
In a typical synthesis, 0.1 g carbon nanofibres were dispersed
into a mixed solution of 30 ml ethanol and 1 ml double
distilled water with vigorous stirring, and 0.5 ml TEOS and
0.3 ml of 28% ammonia solution were consecutively added
into the previous system. Then the reaction proceeded at
ambient temperature for 8 h and the product was centrifuged
and washed with absolute alcohol and double distilled water
three times to remove possible remnants. The black-brown
products were obtained and dried at 60 ◦C for 4 h. Finally,
the products were heated to 550 ◦C in a well-controlled tube
furnace with a heating rate of 2 ◦C min−1 in air and kept at
550 ◦C for 1 h. And then the final product, which had a white
colour, was obtained. Alternatively, silica nanotubes can also
be synthesized by coating silica on the surface of Te@carbon
nanocables directly, and then the carbon can be removed by
heating at 550 ◦C and semiconductor Te nanowires can be
removed completely by treatment with 5% (wt%) H2O2 acidic
solution at room temperature for 2 h.
2.3. Characterization
The as-prepared products was characterized by x-ray power
diffraction (XRD) analyses, which were carried out on a
Philips X’Pert PRO SUPER x-ray diffractometer equipped
with graphite monochromatized Cu Kα radiation (λ =
1.540 56 Å) and the operation voltage and current were
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Figure 3. The EDX spectra of carbon@silica nanocables. The peaks of Cu originate from the Cu grids.
(This figure is in colour only in the electronic version)
Figure 4. TEM images of silica nanotubes obtained from templating from carbon nanofibres with different diameters obtained at 160 ◦C for
different reaction times: (a) 4 h; (b) 16 h; (c) 20 h.
maintained at 40 kV and 40 mA, respectively; field emission
scanning electron microscopy (FESEM) was applied to
investigate the size and morphology, with the help of a
field emission scanning electron microanalyser (JEOL-6700F).
Transmission electron microscopy (TEM) was performed
on a Hitachi (Tokyo, Japan) H-800 transmission electron
microscope at an accelerating voltage of 200 kV, and
high-resolution transmission electron microscopy (HRTEM)
(JEOL-2011) operated at an acceleration voltage of 200 kV
was also used and the photoluminescence spectra was recorded
on Fluorolog3-TAU-P.
3. Results and discussion
3.1. Templating synthesis of silica nanotubes
The first step of the synthesis involved the production of carbon
nanofibres from several nanometres to hundreds of nanometres
in diameter and tens of micrometres in length [19]. These
carbon nanofibres are amorphous, having uniform diameters
that can be easily controlled. Figure 1(a) and (b) show that
FESEM and TEM images of uniform carbon nanofibres with
about 60 nm diameter and tens of micrometres length from
Te@carbon nanocables, which were obtained at 160 ◦C for
12 h under hydrothermal conditions. Figures 1(c) and (d) show
the TEM images of formed carbon@silica nanocables, which
appear like tube-like nanostructures due to that the contrast of
the amorphous carbon being weaker than the silica shell. X-ray
diffraction (XRD) patterns of the carbon@silica nanocables
and silica nanotubes are shown in figure 2, which indicates that
the as-prepared silica nanotubes and carbon@silica nanocables
are amorphous.
The energy-dispersive x-ray (EDX) analysis of the local
area of carbon@silica nanocables is shown in figure 3, which
suggests that the sample contains Si, O and carbon and the
atom ratio of C:Si:O is 4:1.3:2.9. This confirms that oxygen is
more abundant than silicon because the carbon nanomaterials
synthesized from hydrothermal carbonization of glucose are
not carbonized completely.
The carbon core can be oxidized and removed by releasing
carbon oxides to form silica nanotubes with about 70 nm
inner diameter and uniform shell thickness about 20 nm after
the carbon@silica nanocables were heated to 550 ◦C in air
(figures 1(e) and (f)). The diameter of silica nanotubes became
larger than the template, which may be caused by a great
amount of gas being released from the silica nanotubes during
the carbon core removal process.
According to our previous work, the diameters of carbon
nanofibres can be readily controlled by tuning the reaction
time [19]. Silica nanotubes with different inner diameters
have been obtained by silica coating on the surface of the
carbon nanofibres with different diameters used. Figure 4
shows that three kinds of silica nanotubes with inner diameters
10, 80, and 130 nm can be fabricated by templating from
the carbon nanofibres obtained at 160 ◦C for 4, 16, and
20 h, respectively. The average outer wall thickness is about
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Figure 5. (a) TEM image of Te@carbon nanocables with 60 nm diameter and tens of micrometres in length obtained at 160 ◦C for 12 h via a
hydrothermal process. (b) TEM images of Te@carbon@SiO2 coaxial core–shell nanostructures obtained after the reaction proceeded at room
temperature for 8 h by a sol–gel method. (c) TEM images of silica nanotubes obtained from Te@carbon@SiO2 nanocables by removal of the
core.
Scheme 1. Schematic illustration of the formation process of SiO2 nanotubes from different templates. (A) Templated from Te@carbon
nanocables. (B) Templated from carbon nanofibres.
20 nm. Interestingly, we have found that some of the silica
nanotubes are interconnected with each other and form silica
nanotube network nanostructures (figures 4(b) and (c)). These
silica nanotube network nanostructures were formed due to
the entanglement of carbon nanofibres before the hydrolysis
reaction of TEOS and the following condensation reaction on
the backbones of those entangled carbon nanofibres.
Silica nanotubes can also be synthesized by coating silica
on the surface of Te@carbon nanocables and the formation
Te@carbon@SiO2 coaxial core–shell nanostructures under
similar experimental conditions (figure 5). To the best of
our knowledge, there has been no report about synthesis
of Te@carbon@SiO2 coaxial nanocables so far, these core–
shell nanostructures have received much interest due to their
improved physical and chemical properties over their single-
component counterparts [22]. The carbon can be removed first
according to the method described in the previous section and
semiconductor Te can be removed completely by treatment
with 5% (wt%) H2O2 acidic solution at room temperature for
2 h.
The process of coating silica on the surface of carbon
nanofibres involved in the base-catalysed hydrolysis of TEOS
and the condensation of silica on the hard template [23].
Like most cases, ammonia solution was used as a catalyst
to speed up the hydrolysis of TEOS in the present study.
The hydrolysis rate of TEOS can be tuned by adjusting the
amount of double distilled water used. In order to control the
hydrolysis of TEOS and make the silica coating on the surface
of the carbon nanofibres uniform, a suitable amount of water
such as 1 ml water was added into the reaction system. The
thickness of the silica sheath or the outer wall thickness of
the silica nanotubes could be easily controlled by tuning the
reaction time and/or the concentration of TEOS in the reaction
solution [10]. However, the inner diameters of silica nanotubes
were decided by the templates used in the reaction as discussed
before.
The formation process of silica nanotubes from Te@carbon
nanocables and carbon nanofibres can be summarized in a
scheme 1. In this sol–gel process, the amount of water played
an important role in the formation of uniform silica layers on
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Figure 6. (a) The photoluminescence spectrum (PL) of silica nanotubes prepared by the sol–gel method. The excitation wavelength is
320 nm. (b) The excitation spectrum of the silica nanotubes obtained under an emission wavelength of 394 nm.
the carbon nanofibres and the inner diameters of silica nan-
otubes were determined and well-controlled by tuneable diam-
eter of carbon nanofibres.
3.2. Optical properties of silica nanotubes
The room temperature photoluminescence (PL) spectra of
silica nanotubes were investigated carefully. The optical
properties of silica nanotubes are strongly dependent on
the experimental parameters and method used. Figure 6(a)
shows that there is only one unusual strong and wide peak
located at 394 nm (3.15 eV) in the ultraviolet region under
excitation at 320 nm and other peaks could not be observed,
which is believed to be due to oxygen deficiency [24] and
dramatically different from amorphous silica nanowires [25]
and nanotubes [5] that are synthesized by other routes under
different conditions.
4. Conclusions
In summary, we have demonstrated an easy approach to the
large-scale synthesis of uniform carbon@silica nanocables,
and silica nanotubes with controllable inner diameter in the
range of 10–150 nm. This method offers an alterative but
flexible method to fabricate luminescent silica nanotubes with
tuneable inner diameters. The silica nanotubes synthesized by
this method display strong photoluminescence in ultraviolet at
room temperature. Such uniform silica nanotubes might find
potential applications in many fields such as encapsulation,
catalysis, chemical/biological separation, and sensing.
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